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Abstract
Purpose To assess and compare post-traumatic osteoarthritis
following intra-articular calcaneal fractures, one must have a
reliable grading system that consistently grades the post-
traumatic changes of the joint. A reliable grading system aids
in the communication between treating physicians and im-
proves the interpretation of research. To date, there is no con-
sensus on what grading system to use in the evaluation of post-
traumatic subtalar osteoarthritis. The objective of this study was
to determine and compare the inter- and intra-rater reliability of
two grading systems for post-traumatic subtalar osteoarthritis.
Methods Four observers evaluated 50 calcaneal fractures at
least one year after trauma on conventional oblique lateral,
internally and externally rotated views, and graded post-
traumatic subtalar osteoarthritis using the Kellgren and
Lawrence Grading Scale (KLGS) and the Paley Grading
System (PGS). Inter- and intra-rater reliability were calculated
and compared.
Results The inter-rater reliability showed an intra-class corre-
lation (ICC) of 0.54 (95 % CI 0.40-0.67) for the KLGS and an
ICC of 0.41 (95%CI 0.26 – 0.57) for the PGS. This difference
was not statistically significant. The intra-rater reliability
showed a mean weighted kappa of 0.62 for both the KLGS
and the PGS.
Conclusion There is no statistically significant difference in
reliability between the Kellgren and Lawrence Grading
System (KLGS) and the Paley Grading System (PGS). The
PGS allows for an easy two-step approach making it easy for
everyday clinical purposes. For research purposes however,
the more detailed and widely used KLGS seems preferable.
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Introduction
Displaced intra-articular calcaneal fractures are complex inju-
ries which can lead to longstanding disability. These fractures
are notorious for the development of symptomatic osteoarthri-
tis (OA) of the subtalar joint due to post-traumatic intra-
articular incongruency [1–3]. Although the calcaneus involves
multiple joints, it is mostly the subtalar joint in which OA
causes problems [3].
The treatment of intra-articular calcaneal fractures remains
subject to discussion [4–8]. In order to adequately assess and
compare the different treatment options, one must have a re-
liable radiological grading system that consistently grades the
post-traumatic changes of the joint. Up till now, it is unclear
which radiological grading system is best for evaluating post-
traumatic subtalar OA. To our knowledge, there is only one
systematic review that evaluates the methods of grading foot
OA [9]. This study showed that 70% of studies describing OA
in all foot and hindfoot joints use the Kellgren and Lawrence
Grading System (KLGS).
The KLGS was originally introduced in 1957 for the eval-
uation of OA of the hand, wrist, spine, hip, and knee joint [10].
It is a grading scale that reaches from 0 (no radiographic find-
ings of osteoarthritis) to 4 (definite osteophytes with severe
joint space narrowing and subchondral sclerosis) (Table 1)
[10]. A recent study evaluated the inter- and intra-rater reli-
ability of the system for the subtalar joint in patients following
total ankle replacement and found a moderate inter- and intra-
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rater agreement at best (K = 0.37 and K = 0.43 respectively)
[11]. Despite its widespread use, the KLGS has never been
validated for use in the evaluation of post-traumatic OA of the
subtalar joint.
Other systems that assess arthritic changes of the subtalar
joint include systems that were developed for cadaveric stud-
ies (Drayer-Verhagen) [12], rheumatoid arthritis (Larsen) [13],
or use CT imaging to visualize post-traumatic changes (Ogut)
[14]. One of the classifications that was specifically intro-
duced to grade subtalar OA after calcaneal fractures, is the
grading system by Paley and colleagues in 1993 [3]. This
scale reaches from 0 (normal joint space) to 3 (complete de-
struction of joint space) (Table 1).
A reliable grading tool should not only benefit the assess-
ment of OA in epidemiological and clinical studies, it should
also improve the communication between involved clinicians.
In order to reach this goal, a grading system needs to show a
high inter- and intra-rater reliability. The purpose of this study
was therefore to assess the inter- and intra-rater reliability of
the most widely used grading system for post-traumatic oste-
oarthritis of the subtalar joint (Kellgren and Lawrence
Grading System) and to compare it with a lesser-known sys-
tem and less complex system (Paley Grading System).
Materials and methods
Between November 2010 and June 2014 102 patients (aged
18 to 75) with 104 displaced intra-articular calcaneal fractures
(Sanders type II-IV) were managed with open reduction and
Table 1 Kellgren and Lawrence (KL) grading system and Paley (P) grading system
KL-0. No radiographic 
findings of osteoarthritis
P-0. A normal joint space, with 
no evidence of degenerative 
cysts or subchondral sclerosis
KL-1. Minute osteophytes 
of doubtful clinical 
significance (white arrow)
-
KL-2. Definite osteophytes 
(white arrow) with 
unimpaired joint space
P-1. Subchondral sclerosis 
(black arrow), osteophytes 
(white arrow) and cyst 
formation, without narrowing of
the joint space
KL-3. Definite osteophytes 
(white arrow) with moderate 
joint space narrowing (black 
arrow)
P-2. Narrowing of the joint 
space (black arrow), with 
sclerosis and cyst formation
KL-4. Definite osteophytes 
with severe joint space 
narrowing (black arrow) and 
subchondral sclerosis
P-3. Complete loss of the joint 
space (black arrow)
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internal fixation through either an extended lateral or sinus tarsi
approach. As part of their participation in a large prospective
trial (EF3X-trial) [15], these patients underwent radiographic
evaluation of post-traumatic osteoarthritis (OA). Approval to
use anonymized radiographs was given by the medical ethical
board for the EF3X-trial and its successive studies.
A selection of 50 patients representing the full spectrum of
OA severity were evaluated by means of one lateral, one in-
ternally (Brodén), and one externally rotated view of the
subtalar joint. Radiographs were blinded for patient identifiers
and numbered randomly. To minimize influence of the statis-
tical challenge often referred to as the Bkappa paradox^, 50
cases were selected by an independent observer to represent
the full spectrum of OA severity [16].
The presence and severity of post-traumatic OA was
assessed by four observers: one experienced foot and ankle
trauma surgeon and three MD, PhD fellows with calcaneal
fractures as the main focus of their research. To reflect clinical
practice, radiographs were reviewed on a standard PC moni-
tor. Prior to classifying the OA, the two grading systems were
explained to the observers. A reference sheet detailing the
grading systemwas available throughout the task. A standard-
ized data entry sheet was used to record the grading.
The initial read used the KLGS to grade the presence and
severity of OA of the subtalar joint. After a minimum of
five days, a second set of 25 cases was scored again to eval-
uate intra-rater variability. This process was repeated with the
Paley Grading System. All observers were blinded to the rat-
ings of the other observers.
Inter-rater reliability (IRR) was calculated using intra-class
correlations (ICC). Higher ICC values indicate greater IRR,
with an ICC estimate of 1 indicating perfect agreement and 0
indicating only random agreement. We used a two-way
mixed, single-measures, consistency ICC, which is identical
to a weighted kappa strategy but can be used for three or more
raters [17]. Cut-offs were used as provided by Cicchetti et al.,
with IRR being poor for ICC values less than 0.40, fair for
values between 0.40 and 0.59, good for values between 0.60
and 0.74, and excellent for values between 0.75 and 1.0 [18].
Inter-rater reliability was computed using IBMSPSS Statistics
for Windows, version 22.0 (IBM Corp, Armonk, NY).
To compute intra-rater reliability, we used Lights’ kappa
strategy [19]. With this technique, we computed a (square)
weighted kappa for both observers’ sessions separately, yield-
ing four different intra-rater weighted kappa’s per grading sys-
tem. We then used the arithmetic mean of these estimates to
provide an overall index of agreement for each grading system.
As this mean is in fact a weighted kappa, interpretation was
based on the guidelines proposed by Landis and Koch: a kappa
less than 0.00 indicates poor agreement, 0.00–0.20 slight,
0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80 substantial,
and 0.81–1.00 almost perfect agreement [20]. Weighted kappa
was computed using R Statistical Software (R-Project for
Statistical Computing, Version 3.1.2, Package IRR, Vienna,
Austria) followed by manually computing the arithmetic mean.
Results
Each of the four observers graded all the available radio-
graphs. For both grading systems, it took approximately 30–
45 minutes to grade the series of 50 sets.
The interrater reliability showed an ICC of 0.54 (95 % CI
0.40-0.67) for the KLGS and an ICC of 0.41 (95 % CI 0.26 –
0.57) for the Paley Grading System (Table 2). This difference
was not statistically significant.
The intra-rater reliability showed a mean weighted kappa
of 0.62 for both the KLGS and the Paley Grading System
(Table 3).
Discussion
We found a fair inter-rater reliability for both the Kellgren and
Lawrence (ICC 0.54) and the Paley Grading System (ICC 0.41).
Intra-rater reliability was substantial for both systems (kappa
0.62 and 0.62 respectively). There was no statistically significant
difference in reliability between the two systems. Although the
average measures ICC is substantially higher than the single
measures ICC (Table 2), this interpretation is reserved for clinical
studies that use multiple observers, which is often not the case.
The lack of comparable studies makes it difficult to inter-
pret our results in the light of existing literature. To our knowl-
edge, this is the first study to assess reliability and compare
these grading systems for posttraumatic subtalar joint OA.We
did not find comparable studies that evaluate the Paley
Grading System.
With regard to the Kellgren and Lawrence Grading System,
we found higher reliability than Mayich and collegues, who
assessed subtalar osteoarthritis after total ankle replacement
and found weighted kappa’s of 0.37 ± 0.06 (interrater) and
0.43 ± 0.07 (intrarater) [11]. This is surprising, as in contrast
to secondary causes for subtalar osteoarthritis, the fractured
subtalar joint is often incongruent and its view more often
hampered by implants, potentially lowering reliability. To de-
scribe reliability they used both weighted kappa and Fleiss’
kappa, which are limited in accommodating more than two
observers and handling categorical data respectively. A more
appropriate statistical analysis would perhaps have given dif-
ferent and more comparable results. Holzer and colleagues
found higher reliability of the KLGS in post-traumatic ankle
joints (inter-rater ICC 0.61 and intra-rater ICC 0.75) [21].
Moreover, Moon and colleagues evaluated post-traumatic
OA of the ankle using the KLGS and found weighted kappa’s
of 0.58–0.80 (inter-rater) and 0.51-0.81 (intra-rater) [22]. The
complex anatomy of the subtalar joint when compared to the
International Orthopaedics (SICOT) (2016) 40:1981–1985 1983
ankle joint might account for the slighty lower ICC for the
KLGS we found in our study.
There are many ways to determine the degree of agreement
amongst or within raters. Frequently agreement is reported by
the percentage that raters agree in their ratings, often referred
to as percentage agreement. However, this measure systemat-
ically overestimates the level of agreement by not correcting
for agreement that would be expected by chance alone [17]. A
more sophisticated analysis that corrects for this overestima-
tion is the kappa-statistic [23]. Cohen’s kappa is thought to be
a robust measure for inter-rater agreement; however, it is not
applicable to ordinal data and does not take into account the
distance between two ratings. Cohen’s weighted kappa can be
used for data with an ordinal structure; it has the advantage
that the further two raters are apart, the lower the IRR estimate
will be [24]. It is limited however by the fact that it can only
accommodate two raters. Fleiss’ kappa is suitable for three or
more raters, but is only available for nominal data and not
suitable for fully crossed designs (were all subjects are rated
by all raters) [25]. A final solution for larger numbers of raters
is using Lights strategy, where kappa’s are computed for all
coder pairs and then uses the arithmetic mean of these estimates
to provide an overall index of agreement [19]. Ameasure that is
suitable for ordinal, interval, and ratio variables is the intraclass
correlation (ICC). It is identical to a weighted kappa but has the
advantage that it can handle more than two raters [26].
Strengths of this study include that we are the first to report
on reliability of grading systems that evaluate post-traumatic
OA of the subtalar joint specifically. Additionally, we have
not only assessed inter-rater reliability but also evaluated reli-
ability within raters. We used observers with different levels of
experience in the assessment of calcaneal fractures in both
clinical and research context. Earlier studies have shown that
the level of experience of the observers, and the complexity of
the classification system, do not usually affect inter-observer
reliability [27]. Our study will help guide future researchers in
their choice of grading system when reporting on post-
traumatic subtalar osteoarthritis, and assist in the comparison
of different treatment modalities for calcaneal fractures.
This study is limited in the number of grading systems it
compares. However, many available systems are similar or
poorly documented. Many systems resemble each other, grad-
ing osteophytes, subchondral sclerosis, and narrowing and dis-
appearance of the joint space in various degrees. We chose to
compare the most widely used (KLGS) and a lesser-known but
more joint-specific and less complex system (PGS).We exclud-
ed systems that were not specifically used for the subtalar joint
or were developed for cadaveric studies (Drayer-Verhagen)
[12], rheumatoid arthritis (Larsen) [13], or were CT-based
(Ogut) [14]. An additional limitation is the fact that we did
not have a gold standard available to determine the accuracy
of both grading systems. To minimize the potential effect of the
kappa paradox, we selected fractures with a wide spectrum of
OA severity. In published cohorts however, the severity of os-
teoarthritis leans toward more severe osteoarthritis [28].
Our results suggest that there is no statistically significant
difference in reliability between the Kellgren and Lawrence
and the Paley Grading Systems. This leaves room for a compar-
ison on different grounds. The Paley grading system describes
subchondral sclerosis from grade 1 and higher, while the KLGS
only describes this feature in the most severe grade 4. The
KLGS leans heavily toward the presence of osteophytes and
adds an extra grade to the system by classifying Bosteophytes
of doubtful clinical significance^. While this might improve
accuracy of the description of the state of the joint, it is indeed
doubtful what its clinical relevance is and whether this justifies a
more complex grading system. The Paley Grading System sim-
ply acknowledges the presence of 1) secondary characteristics
(osteophytes, subchondral sclerosis, and cyst formation) and 2)
joint space narrowing, allowing for a two-step approach when
grading OA. Since the Paley Grading System is non-inferior to
the Kellgren and Lawrence Grading system and less complex to
comprehend, this could be a reason to use the Paley system in
future clinical settings. However, when it comes to comparing
different treatment modalities in research, a more detailed and
widely used system (i.e., KLGS) would be more convenient.
Table 2 Inter-rater reliability
Kellgren and Lawrence Grading System Paley Grading System P-value
ICC (95 % CI) ICC (95 % CI)
Single measures 0.54 (0.40-0.67) 0.41 (0.26 – 0.57) NS
Average measures 0.82 (0.73 – 0.89) 0.74 (0.58 – 0.84) NS
ICC: intraclass correlation. CI: confidence interval. NS: not significant





Weighted kappa Weighted kappa
Rater 1 0.480 0.579
Rater 2 0.516 0.434
Rater 3 0.671 0.863
Rater 4 0.813 0.605
Lights’ kappa 0.620 0.621
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Conclusion
Both the Kellgren and Lawrence Grading System (KLGS) and
the Paley Grading System (PGS) have a fair inter-rater reli-
ability. Intra-rater reliability is substantial for both systems.
There is no statistically significant difference in reliability be-
tween the KLGS and the PGS.
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